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Description 



STRUCTURE AND PROGRAMMING OF 
LASER FUSE 

Background of Invention 
[0001] i. Technical Field 

[0002] The present invention relates to the design of a laser fuse 

and a method of programming the laser fuse. 
[0003] 2. Related Art 

[0004] a typical laser fuse of prior art is programmed by direct- 
ing a laser beam to the laser fuse. The heating and ex- 
pansion of the fuse causes the passivation over the fuses 
to open and the fuse to vaporize. The cut ends of the 
laser fuse are now open and susceptible to oxidation and 
corrosion which can extend through the circuit. In addi- 
tion, the expansion of the fuse can cause cracking down- 
ward or laterally which can cause damage to the sur- 
rounding devices. 

[0005] As a result, a design of a laser fuse that minimizes corro- 



sion and oxidation caused by fuse programming to the 
devices surrounding the fuse is needed. Also, a method of 
programming the laser fuse that reduces the risk of 
cracking to the structures surrounding the fuse is needed. 
Summary of Invention 

[0006] The present invention provides a method for forming an 
electronic structure, comprising the steps of forming at 
least two vias in a first dielectric layer; filling the two vias 
with a first self-passivated electrically conducting mate- 
rial; forming a fuse link layer on top of the first dielectric 
layer, the fuse link layer comprising a second material 
having a characteristic of changing its electrical resistance 
after being exposed to a laser beam; forming a mesa layer 
over the fuse link layer, the mesa layer comprising a third 
self-passivated electrically conducting material; and 
forming a fuse link and two mesas from the fuse link layer 
and the mesa layer, respectively, wherein the fuse link 
electrically connects the two vias, and the two mesas are 
directly over the two vias. 

[0007] The present invention also provides an electronic struc- 
ture, comprising a first dielectric layer having at least two 
vias filled with a first self-passivated electrically conduct- 
ing materials fuse link on top of the first dielectric layer, 



the fuse link electrically connecting the two vias and com- 
prising a second material having a characteristic of 
changing its electrical resistance after being exposed to a 
laser beam; and two mesas over the fuse link and directly 
over the two vias, the two mesas comprising a third self- 
passivated electrically conducting material. 

[0008] The present invention also provides a method for pro- 
gramming a laser fuse, the laser fuse having a fuse link 
comprising a material having a characteristic of changing 
its electrical resistance after being exposed to a laser 
beam, the method comprising the step of directing the 
laser beam to the fuse link, the laser beam being con- 
trolled such that, in response to the impact of the laser 
beam upon the fuse link, the electrical resistance of the 
fuse link changes but the fuse link is not blown off. 

[0009] The present invention also provides an electronic struc- 
ture, comprising a first dielectric layer having at least a 
first via and a second via both filled with a first electrically 
conducting material; a first oxygen-getter shield and a 
second oxygen-getter shield being directly above and in 
physical contact with the first electrically conducting ma- 
terial in the first and second vias, respectively, the first 
and second oxygen-getter shields comprising a second 



electrically conducting, oxygen-getter material; and a fuse 
link electrically connecting the first and second oxygen- 
getter shields, the fuse link comprising a third material 
having a characteristic of changing its electrical resistance 
after being exposed to a laser beam. 

[0010] The present invention provides a method and structure for 
fabricating a laser fuse that minimize corrosion and oxi- 
dation to the devices beneath the laser fuse. 

[0011] The present invention also provides a method for pro- 
gramming the laser fuse that does not cause cracking to 
the structures surrounding the laser fuse. 
Brief Description of Drawings 

[0012] FIG. 1 illustrates a front-cross sectional view of an elec- 
tronic structure comprising an Inter-Level Dielectric (ILD) 
layer on a substrate, said ILD layer comprising two vias, in 
accordance with embodiments of the present invention. 

[0013] FIG. 2 illustrates FIG. 1 after a layer of TaN (tantalum ni- 
tride) followed by a layer of W (tungsten) are deposited 
upon the ILD layer. 

[0014] FIG. 3 illustrates FIG. 2 after most of the W layer is etched 
away except for two mesas and over the two vias. 

[0015] FIG. 4 illustrates FIG. 3 after most of the TaN layer is 

etched away except for the region above and between the 



two vias, the remaining TaN layer being a fuse link. 

[0016] FIG. 5 illustrates FIG. 4 after a passivation layer of ILD ma- 
terial is deposited upon the entire structure 100 of FIG. 4. 

[0017] FIG. 6 illustrates FIG. 5 after a section of the passivation 
layer above the fuse link is etched away to create an 
opening. 

[0018] FIG. 7 illustrates the structure of FIG. 6 after the fuse link 
is exposed to a laser beam. 

[0019] FIGS. 8A-8E illustrate a front-cross sectional view of an 
electronic structure going through a series of fabrication 
steps in accordance with embodiments of the present in- 
vention. 
Detailed Description 

[0020] FIG. 1 illustrates a front-cross sectional view of an elec- 
tronic structure 100 used to build a laser fuse in accor- 
dance with embodiments of the present invention. In one 
embodiment, the electronic structure 100 comprises an 
Inter-Layer Dielectric (ILD) layer 110 at the top of a silicon 
substrate 105. The ILD layer 110 contains two vias 120a 
and 120b filled with, illustratively, aluminum (Al). In one 
embodiment, the ILD layer 110 can be made of low-K, or 
silicon nitride or silicon oxide. 

[° 021 ] Illustratively, the ILD layer 110 can be deposited on top of 



the silicon substrate 105. Then, the two vias 120a and 
120b are created by etching process. In one embodiment, 
the etching process can involve several steps. First, a pos- 
itive photoresist layer (not shown) is deposited on top of 
the ILD layer 110 and a pattern on the photoresist layer is 
created that exposes the two regions of the ILD layer 110 
where the two vias 120a and 120b will be located. Then, 
the two exposed regions of the ILD layer 110 are etched 
away by etching process creating the two vias 120a and 
120b. After that, the photoresist layer is removed and 
aluminum can be deposited over the entire ILD layer 110 
filling the two vias 120a and 120b with aluminum. Then, 
the excess aluminum outside the vias 120a and 120b is 
removed by CMP (chemical mechanical polishing), result- 
ing in the electronic structure 100 in FIG. 1. For simplicity 
purposes, the devices including sensing circuits under the 
ILD layer 100 that are electrically connected to the alu- 
minum-filled vias 120a and 120b are not shown. 
[0022] FIG. 2 illustrates FIG. 1 after a layer 210 of TaN (tantalum 
nitride) followed by a layer 220 of W (tungsten) are de- 
posited upon the ILD layer 110. In one embodiment, the 
TaN layer 210 is deposited upon the ILD layer 110 by PVD 
(Physical Vapor Deposition) or CVD (Chemical Vapor De- 



position) process. Then, the W layer 220 is deposited 
upon TaN layer 210 by CVD process. In one embodiment, 
the TaN layer 210 can be a few hundred Angstrom thick. 

[0023] FIG. 3 illustrates FIG. 2 after most of the W layer 220 is 
etched away except for two mesas 220a and 220b over 
the two vias 120a and 120b, respectively. In one embodi- 
ment, the etching process can involve several steps. First, 
a positive photoresist layer (not shown) can be deposited 
upon the W layer 220. Then, a pattern on the photoresist 
layer is created to cover/protect two regions of the W 
layer 220 directly above the two vias 120a and 120b. 
Then, etching (dry or wet) can be carried out to remove 
the exposed (not protected by the photoresist layer) re- 
gions of the W layer 220. Finally, the photoresist layer is 
removed. The resulting structure 100 is shown in FIG. 3 
with two W mesas 220a and 220b being created directly 
above the two vias 120a and 120b. 

[0024] FIG. 4 illustrates FIG. 3 after most of the TaN layer 210 is 
etched away except for the region above and between the 
two vias 120a and 120b. In one embodiment, the etching 
process can involve several steps. First, a positive pho- 
toresist layer (not shown) can be deposited upon the TaN 
layer 210 covering also the two W mesas 220a and 220b. 



Then, a pattern on the photoresist layer is created to 
cover/protect only the region of the TaN layer 210 directly 
above and between the two vias 120a and 120b. Then, 
etching (dry or wet) can be carried out to remove the ex- 
posed (not covered by the photoresist layer) regions of the 
TaN layer 210. Finally, the photoresist layer is removed. 
The resulting structure 100 is shown in FIG. 4 with a TaN 
fuse link 210" being created directly above and between 
the two vias 120a and 120b. The TaN fuse link 210" elec- 
trically connects the two aluminum-filled vias 120a and 
120b. 

[0025] FIG. 5 illustrates FIG. 4 after a passivation layer 510 of ILD 
material is deposited upon the entire structure 100 of FIG. 
4. The purpose of the ILD passivation layer 510 is to pro- 
tect the devices on the wafer including the structure 100 
from contaminants and moisture. The ILD passivation 
layer 510 also serves as a scratch protection layer. In one 
embodiment, the ILD passivation layer 510 can be made 
of silicon nitride (Si N ). In one embodiment, the ILD pas- 

x y 

sivation layer 510 is deposited upon the structure 100 of 
FIG. 4 by CVD (Chemical Vapor Deposition) process. 
[0026] FIG. 6 illustrates FIG. 5 after a section of the ILD layer 510 
above the fuse link 210" is etched away to create an 



opening 610. In one embodiment, the etching process can 
involve several steps. First, a positive photoresist layer 
(not shown) can be deposited upon the ILD layer 510. 
Then, a pattern on the photoresist layer is created with a 
mask to expose only the region of the ILD layer 5 10 di- 
rectly above the TaN fuse link 210". Then, etching (dry or 
wet) can be carried out to partially remove the exposed 
(not covered by the photoresist layer) region of the ILD 
layer 510. Finally, the photoresist layer is removed. The 
resulting structure 100 is shown in FIG. 6 with the two W 
mesas 220a and 220b being exposed partly and the fuse 
link 210" being covered by a remaining ILD layer 510c. In 
one embodiment, the laser fuse of the present invention 
can be considered to comprise the TaN fuse link 210" and 
the two Al-filled vias 120a and 120b, and therefore, can 
be referred to, hereafter, as the laser fuse 2 10", 120. Be- 
cause the fuse link 210" comes from the TaN layer 210, 
the TaN layer 210 can be referred to as the fuse link layer 
210. Similarly, the two mesas 220a and 220b come from 
the W layer 220, the layer 220 can be referred to as the 
mesa layer 220. 
[0027] | n one embodiment, the programming of the laser fuse 

2 10", 120 involves directing a laser beam 630 from a laser 



source 620 down on the TaN fuse link 210" of the laser 
fuse 210", 120 through the opening 610. The fuse link 
210" absorbs some energy of the laser beam 630. The en- 
ergy level of the laser beam 630 is controlled so as to be 
below an energy level that may physically damage or even 
blow off the fuse link 210" causing cracking to the sur- 
rounding structures, but strong enough to change the 
phase of the material of which the fuse link 210" is made 
(i.e., TaN). FIG. 7 illustrates the structure 100 of FIG. 6 af- 
ter the fuse link 210" is exposed to the laser beam 630. 
As can be seen in FIG. 7, there is no geometrical change 
to the fuse link 210". However, in FIG. 7, the fuse link is 
given a new reference numeral 210"" to indicate that the 
material of which the fuse link 210"" is made (i.e., TaN) 
has undergone phase change and, therefore, has a differ- 
ent characteristic (i.e., higher electrical resistance). As a 
result of the phase change in TaN, the electrical resistance 
of the TaN fuse link 2 10"" increases. In other words, the 
electrical resistance of the electrically conducting path be- 
tween the two vias 120a and 120b via the fuse link 220"" 
increases. In one embodiment, this electrical resistance 
increase is sensed by a sensing circuit (not shown) and 
converted to a digital signal (e.g., from logic 1 corre- 



sponding to low electrical resistance to logic 0 corre- 
sponding to high electrical resistance). As a result, the 
laser fuse 2 10", 120 is programmed without blowing it off 
to create an open circuit as in prior art. Therefore, the 
possibility and degree of cracking is minimized. In the 
case of TaN material, the laser energy level required to 
sufficiently increase the TaN electrical resistance is much 
lower than that required to blow off a typical laser fuse of 
the prior art. As a result, compared with the prior art, the 
possibility and degree of cracking caused by the fuse pro- 
gramming method of the present invention is much lower. 
Because the ILD material of the ILD layer 510c is transpar- 
ent to laser beams, the thickness of the ILD layer 510c is 
not critical to the fuse programming method of the 
present invention. Most of the energy of the laser beam 
630 can reach the fuse link 220" and cause an increase in 
the electrical resistance of the laser fuse 2 10", 120. As a 
result, the step of removing a portion of the ILD layer 510 
directly above the laser fuse 2 10", 120 can be omitted if 
the two W mesas 220a and 220b do not need to be elec- 
trically connected to outside world (e.g., bond pads). If the 
two W mesas 220a and 220b need to be electrically con- 
nected to outside world, the portion of the ILD layer 510 



directly above the fuse link 210" can be removed so as to 
expose the mesas 220a and 220b. Whether the ILD layer 
5 10c (FIG. 6) or nothing is left on top of the fuse link 2 10" 
is not critical to the fuse programming process. 

[0028] | n the embodiments described above, the two vias 120a 
and 120b are filled with aluminum which is a good elec- 
trical conductor and also a good self-passivated material. 
Aluminum is a good self-passivated material because it 
reacts with oxygen to create a compound inert to oxygen 
that prevents further oxidation and corrosion caused by 
oxygen in the air and water vapor. The use of aluminum 
to fill the two vias 120a and 120b reduces the oxidation 
and corrosion of the devices under the laser fuse 
2 10", 120. Alternatively, other materials that are both 
electrically conductive and self-passivated may be used to 
fill the two vias 120a and 120b. The use of a electrically 
conducting and self-passivated material to fill the two vias 
120a and 120b helps minimize the oxidation and corro- 
sion of the devices under the laser fuse 210", 120. 

[0029] | n the embodiments described above, the fuse link 210" is 
made of TaN which is self-passivated and which changes 
its electrical resistance when the laser beam 630 shines 
on it. Because the TaN fuse link 210" is self-passivated, 



oxidation and corrosion of the devices under the laser 
fuse 2 10", 120 is reduced even when the TaN fuse link 
210" is exposed (i.e., the ILD layer 510c is completely re- 
moved). In an alternative embodiment, another material 
(e.g., titanium nitride TiN, or tungsten nitride WN) can be 
used for the fuse link 210" which is self-passivated and 
has the characteristic of changing its electrical resistance 
after the impact of the laser beam 630. In yet another em- 
bodiment, the material used has the characteristic of 
changing (increasing or decreasing) its electrical resis- 
tance after being exposed to a laser beam. 
[0030] | n the embodiments described above, the two mesas 220a 
and 220b are made of W (tungsten) which is both electri- 
cally conducting and self-passivated. Because W is electri- 
cally conductive, electric connections can be made be- 
tween the components of the laser fuse 2 10", 120 and the 
outside world (e.g., bond pads). Because W is self- 
passivated and the two W mesas 220a and 220b are situ- 
ated directly above the two vias 120a and 120b, oxidation 
and corrosion of the devices under the laser fuse 
210",120 through the two vias 120a and 120b is mini- 
mized. In an alternative embodiment, the two mesas 220a 
and 220b can be made of another material which is both 



electrically conductive and self-passivated (e.g., alu- 
minum). 

[0031] | n the embodiments described above, the fuse link 210" 
has a higher electrical resistance after being exposed to 
the laser beam 630. In an alternative embodiment, the 
fuse link 210" can be made of another materiel that has a 
lower electrical resistance after being exposed to the laser 
beam 630. Then, the electrical resistance decrease can be 
sensed and converted into a digital signal (e.g., from logic 
0 to logic 1). 

[0032] FIG. 8A-E illustrate the steps of fabricating an electronic 
structure 800 in accordance with embodiments of the 
present invention. FIG. 8A illustrates a front-cross sec- 
tional view of the electronic structure 800 used to build a 
laser fuse in accordance with embodiments of the present 
invention. In one embodiment, the electronic structure 
800 comprises an ILD layer 807 at the top of a silicon (or 
any other semiconductor) substrate 805. The ILD layer 
807 contains two vias 820a and 820b filled with alu- 
minum (or any other good electrically conducting mate- 
rial). A laser fuse layer 810 made of TaN (or any other ma- 
terial that has a characteristic of changing electrical resis- 
tance after being exposed to a laser beam) is deposited 



on top of the ILD layer 807. A protection layer 815 made 
of silicon nitride (or any material capable of protecting the 
layer 810 below) is deposited on the laser fuse layer 810. 

[0033] FIG. 8B illustrates FIG. 8A after a mesa 810",815" is 

formed by etching away most of the two layers 810 and 
815 leaving only the mesa 810", 815" between the two vias 
820a and 820b. The mesa 810", 815" comprises a TaN 
fuse link 810" and a protection layer 815". 

[0034] FIG. 8C illustrates FIG. 8B after an oxygen-getter layer 

825 made of titanium (or any other good electrically con- 
ducting, oxygen getter material) is deposited on the entire 
structure 800 of FIG. 8B (an oxygen getter material is a 
material that can easily react with and absorbs oxygen so 
as to prevent the latter from escaping from the former). 
Then, an end contact layer 830 made of tungsten (or any 
good electrically conducting material) is deposited on the 
oxygen-getter layer 825. 

[0035] FIG. 8D illustrates FIG. 8C after two mesas 825a,830a and 
825b, 830b are formed by etching away most of the layers 
825 and 830 leaving only the two mesas 825a,830a and 
825b,830b directly above the two vias 820a and 820b, re- 
spectively. The mesa 825a,830a comprises an oxygen-get- 
ter shield 825a and an end contact mesa 830a. Similarly, 



the mesa 825b, 830b comprises an oxygen-getter shield 
825b and an end contact mesa 830b. 

[0036] FIG. 8E illustrates FIG. 8D after an ILD layer 840 is de- 
posited on the entire structure 800 of FIG. 8D except for 
the two end contact mesas 830a and 830b. Because Ti is a 
good electrical conductor, the oxygen-getter shields 825a 
and 825b electrically connect the fuse link 810" to the 
vias 820a and 820b, respectively. Because titanium (Ti) is 
also a good oxygen getter material, the oxygen-getter 
shields 825a and 825b effectively protect the devices be- 
neath the two vias 820a and 820b, respectively, from cor- 
rosion and oxidation. 

[0037] | n summary, the fuse programming process of the present 
invention is nondestructive. The laser beam 630 (see FIG. 
6) only changes the phase of TaN, and therefore, in- 
creases the electrical resistance of the TaN fuse link 210". 
Also, laser energy used for fuse programming is reduced. 
As a result, the risk of dielectric cracking during and post 
programming process is mitigated because of the lower 
programming laser energy and the nondestructive nature 
of the fuse programming process. The lower possibility of 
dielectric cracking leads to two advantages. First, yield 
and reliability is enhanced, and second, the feasibility of 



using low-K dielectric materials in the global wiring level 
is improved. 

[0038] with the combination use of the self-passivated end con- 
nections (the two W mesas 220a and 220b) and the self- 
passivated fuse element (the fuse link 210" and the two 
Al— filled vias 120a and 120b), the ingress path of oxygen 
and moisture through the fuse elements and the defective 
liner (if any) is eliminated. Also, because of the diffusion 
barrier characteristic of TaN, the lateral ingress path of 
oxygen and moisture from the fuse elements to the end 
connections is removed. 

[0039] The advantage of using self-passivated electrical conduc- 
tor (aluminum) in the vias 120a and 120b as the contact 
connection between the TaN fuse link 210" and the sens- 
ing circuit (not shown) beneath the fuse 2 10", 120 is that 
the self-passivated electrical conductor serves as oxygen 
and moisture getter to minimize the possibility of oxygen 
and moisture penetrating through the defective liner (if 
any) at bottom corner of the vias 120a and 120b. 

[0040] The final passivation-over-fuse process has wider flexi- 
bility because the thickness of the passivation ILD layer 
510 directly over the fuse 210",120 is not critical to the 
programming process. Moreover, one type of fuses (e.g., 



the fuse 2 10", 120) can be used for different technologies, 
resulting in manufacturing cost reduction. 
[0041] while particular embodiments of the present invention 
have been described herein for purposes of illustration, 
many modifications and changes will become apparent to 
those skilled in the art. Accordingly, the appended claims 
are intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



